SUMMARY The manifest (dry) refractions of 165 eyes of 86 patients, aged 6 to 75 years, were studied on the Nikon Auto Refractometer NR-1000F. The results obtained were compared with the clinical refractive data, and they were analysed for degree of agreement of various refractive components in different types and grades of refractive errors in the separate age groups. On the NR-100OF the spherical and cylindrical components and spherical equivalents skewed towards more minus (or less plus), especially so in emmetropes, low hypermetropes, and low myopes. This error declined with increasing age over 40 years and was also significantly lower in aphakia and mixed astigmatism. Determination of cylinder axis was found to be reliable on the NR-1000F. In spite of the obvious utility of the device its inbuilt automatic fogging system does not seem adequately to neutralise the patient's accommodative efforts, as the fixation target probably induces instrument myopia.
Automatic refractors have gained importance in recent years because of the busy clinical schedule of ophthalmologists and the increasing faith of patients in sophisticated mechanical devices. Many such refractometers, both subjective and objective, are now available, with steadily improving designs and claims to accuracy.' One of the latest objective models is the Nikon Auto Refractometer NR-1000F, which was recently installed in our centre. In view of several reports in the literature on the reliability and accuracy of various types of autorefractors2'-we considered it worthwhile to undertake a systematic study to evaluate the NR-100OF Auto Refractometer (AR) before putting this instrument into routine general use in our busy hospital schedule.
Materials and methods
In the NR-1000F Auto Refractometer infrared rays are directed at the patient's fundus and the reflected light is detected by this instrument. A built-in microcomputer deduces the objective refraction in terms of sphere, cylinder, and axis, and then automatically displays this information, corrected for a 12 mm vertex distance. The AR also has the optional facility of automatic printout of the refractive data obtained, and is capable of recording a confidence Correspondence to Dr Supriyo Ghose. value for each result to quantify numerically the reliability of the measurement. It completes each objective measurement in a total of 1-5 seconds, with the final measurement in only 0-5 seconds. The time taken for automatic fogging is 0.5 to 1 second with the patient seeing the fixation target, while the patient's accommodation is purportedly thoroughly relaxed by the inbuilt automatic fogging system. The machine can measure up to ± 15 D sphere and ±6 D cylinder.
In accordance with the instructions in the operating manual supplied by the manufacturers the NR-1000F is placed in a dimly lit, cool, and dust-free room. After a latent period of about 10 seconds on turning on the power switch a musical sound indicates that the machine is ready for use. The operator then manipulates the dioptre adjusting ring till the cross reticule at the centre of the viewfinder appears sharply in focus. The patient is seated comfortably, and the eye to be refracted is aligned to the correct level with the measuring head. A small child finds it easier to stand at the instrument. A model eye supplied may be used for operator practice as well as for an instrument check.
The green cross targets are aligned and centred by the operator with the peripheral red arrows moved out of the field of view to ensure precise positioning of the measuring head. The start button is depressed to activate the in-built automatic fogging system, and the refractive data are available within 1-5 seconds on 221 The comparative data obtained on the AR and by clinical refraction were analysed for degree of agreement for various types and grades of refractive error and by age groups.
Results
Of the total number of 172 eyes tested the data from seven had to be discarded for the purposes of the comparative study, as an AR reading with a confidence value of over 90 could not be obtained in spite of repeated examinations. Thus the clinical and AR data in 165 eyes of 86 patients were finally compared and analysed. Their refractive error and distribution by age are depicted in Table 1 . Of these 86 patients 47 were males and 39 females.
The mean difference and standard deviations (SD) in spherical equivalent data and cylindrical power and axis are depicted in Table 2 . The comparative analysis for various types and grades of refractive error is given in Table 3 and the percentage agreement for different refractive components in Table 4 .
The cylinder power data are shown in Tables 3 and  4 and the cylinder axis data in Tables 4 and 5 . The variations of degree of agreement in the different age groups are recorded in Table 6 .
When comparing the spherical equivalent data obtained clinically and by AR for the two eyes of the same patient we analysed the degree of aniso- (Fig. 3, Table 2 ). This observation has also been made earlier on the SR III subjective refractor.8 Again, like the spherical data, the skew deviation for cylinder power towards greater minus is more pronounced in emmetropic, low myopic, and low hypermetropic groups. The difference in agreement between the AR and clinical data on the cylindrical component in the various age groups (Table 6 ) was not significant. This is to be expected, as the cylindrical power in a given eye is unlikely to be influenced by accommodative effort, in contrast to the spherical component.
The mean difference of cylinder axis values determined clinically and on the AR was 6-43° (Table 2) with a standard deviation of ±9.850. The determination of axis by the AR appears to be quite reliable and accurate. Similar observations have been made before,8 though on a subjective refractor axis readings were found to vary in the same eye on separate testings. The reliability of the NR-1000F for cylinder axis determination seems to be greater than its accuracy in recording the spherical and cylindrical powers.
Our comments on the anisometropic data and 'reversal' in anisometropia are in fair agreement with the earlier observations by Perrigin et al. 8 These should be kept in mind while clinically prescribing on data obtained by automatic refractors, subjective or objective.
In seven of the total of 172 eyes in our study the recommended confidence value of over 90 could not be obtained despite repeated efforts by the patient as well as the examiner, without there being any apparent reason. Conversely, a higher confidence value rating on the AR did not always prove more reliable than the figures obtained with a lower confidence value, when compared with the clinical refractive data for that eye. The reason for this is not clear. The operating manual supplied with the NR-1000F also comments on this apparent paradox, though no explanation is suggested.
It must be pointed out that the AR has proved to be extremely useful in the odd eye where retinoscopy and clinical improvement proved most unsatisfactory, especially in those eyes with corneal opacity.
We suggest that automatic refractometers like the Inadequate neutralisation of the patient's accommodative efforts by the in-built automatic fogging system of the NR-100OF appears to be the major drawback of this objective autorefractometer. It is possible that in spite of the fogging -system the fixation target still induces-a significant degree of instrument myopia. Further work is being carried out on the AR with eyes under the effect of cycloplegics.
